Tissue and blood samples from 180 fallow deer (Dama dama L.) belonging to an Italian free-ranging population were studied for biochemical variability by means of cellulose acetate and polyacrylamide gel electrophoresis. The 51 putative genetic loci successfully resolved showed a very low level of variability (P = 0020, H = 0.006) in accordance with previously reported data on British and West German populations. That low biochemical polymorphism in European fallow deer populations is discussed taking into account the effects of natural bottlenecks and of domestication.
INTRODUCTION
The fallow deer (Dama dama L.) during the last Interglacial was distributed in Europe and in the Mediterranean region (Southern Europe, NorthWestern Africa, Asia Minor, Iran) (Nowak and Paradiso, 1983) . Two subspecies are recognized:
the Persian fallow deer (D. d. mesopotamica), actually reduced to a very small endangered population in Iran (Heidemann, 1987) and the European fallow deer (D. d. dama), world wide distributed, with an estimated total population of about 200,000 (Heidemann, 1987) .
The present distribution is essentially nonnatural. At the end of the last Pleistocene glaciation (c. 10,000 BP) all European fallow deer populations probably became extinct as suggested by the lack of any fossil evidence until the early Neolithic (4000 BP) (Chapman and Chapman, 1975) . Start- ing from the surviving Mid Eastern (probably Turkish) wild populations, the progeny of tamed animals was later reintroduced in Europe (by the Phoenicians and the Romans) and in Britain (by the Normans) (Haltenorth, 1959) . Founding and spreading of free-ranging and wild-living populations occurred during historical times, particularly in regions with temperate climate, although the present world population is not so large as many other wild or introduced Cervidae populations (Pemberton and Smith, 1985) .
Phenotypic variability and coat colour polymorphisms are well known in the European fallow deer (Chapman and Chapman, 1975) . Moreover the reproductive behaviour of this species suggests a possibility of genetic differentation between herds (Smith, 1979) . High variance of reproductive success among males is observed in polygynous ungulates, and local populations are often subdivided as a consequence of the traditional use of different leks by subpopulations. When the dominant mating system of a population is by lekking, divergence of morphological and behavioural characters between subpopulations is observed in ungulates (Buechner and Roth, 1974) . Consequently, the very low (if any) level of biochemical polymorphism electrophoretic studies detected in several British populations (Pemberton and Smith, 1985) and in a German one (Hartl et a!., 1986) was somewhat unexpected.
In this paper an electrophoretic survey on a sample of fallow deer from an Italian free-ranging population is presented. The results are discussed in the light of the genetic consequences of domestication and taking into account the effects of natural bottlenecks during the late Pleistocene evolution of this species. MATERIAL 
AND METHODS
Tissues (liver, kidney, heart) were obtained from 180 fallow deer shot during annual selective cullings in 1985 and 1986 at the San Rossore Preserve (Pisa, Tuscany). Whole blood samples were taken from 60 of these specimens by the opening of the cardiac cavity (using a 27 per cent EDTA. Na2 anticoagulant solution). Only the animals shot not more than 3-4 hours before were sampled. Tissues, sera and red blood cells (Rbc) (separated after 10 mm of centrifugation at 2000 rpm) were deep frozen (-80°C) until the analysis.
Vertical polyacrylamide gel (VPAGE) and cellulose acetate membrane (CAM) electrophoresis were performed to resolve a total of 51 putative genetic loci (table 1) .
RESULTS
VPAGE with the discontinuous system of Davis (1964) allows a clear resolution of at least 11 putative loci in serum, including slow a-macroglobulins, transferrin, hemoglobins, albumin and post-albumin. Electrophoretic variation was observed at a single protein zone, in the slow a-macroglobulin region, not interpretable as a genetic polymorphism, a conclusion in agreement with Pemberton and Smith's (1985) report. Five zones of esterase activity (a-naphtyl-acetate staining) were clearly resolved working with a Tris- Table 1 Loci studied in an Italian population of fallow deer borate pH 89 buffer (McLellan et al., 1981) . The three fast bands showed sensitivity to eserine sulphate inhibition. All the systems were monomorphic. Serum peroxidase (POX) activity was detected by staining with tetrametilbenzidine/H202 so!-utions. Excluding three bands clearly associated with the presence of hemoglobin in sera (as stated by running hemolysed v.s. non-hemolysed sera), at least three zones showing POX activity were resolved. Any polymorphism was detected. Among the Rbc enzymes only the locus for catalase (CAT) showed an electrophoretic polymorphism, although the electromorphs were poorly resolved.
Following Harti et al.'s (1986) Pemberton and Smith (1985) screening 30 loci on a minimum of 88 individuals for locus, showed that samples from 37 populations in Britain were lacking of any biochemical polymorphism. Hartl et a!., (1986) by studying 15 loci in samples of 18-118 individuals from a fenced West-German population, found an electrophoretic polymorphism (at the CAT locus) interpretable in terms of genetic polymorphism. In this study (51 loci resolved in 60 blood and 180 tissue samples from a Central Italy free-ranging population), we can confirm the previously detected CAT polymorphism, while electrophoretic variation at a liver POX locus was difficult to interpret in genetic terms. In conclusion, European fallow deer populations appear to show a very low level of genetic (electrophoretic) variation. Heterozygosity values range from H =00 (Pemberton and Smith, 1985) to H = OOO6 (this study). Per cent of polymorphic loci range from P =00 (Pemberton and Smith, 1986) to P = 0020 (this study). Although samples from different geographic populations or the analysis of a larger set of loci, could possibly reveal more genetic variation, European fallow deer appears to belong to the bunch of nearly monomorphic large mammals (Waine et a!., 1986) .
No selectionist (adaptive) theory can explain this low level of genetic variation (Pemberton and Smith, 1985) . From the review by Nevo et al., (1984) it is apparent that mammals have the lowest mean H and P values among all other taxonomic groups, but none of the main trends in genetic variability shown in mammals seems to be appropriate to the observed low fallow deer polymorphism. Fallow deer is not an arctic, a specialist or an endemic species, although its natural range has been dramatically restricted following the climatic changes during the last Pleistocene glaciation. It is a medium body size species and low genetic variability is not expected from this point of view, although the body size hypothesis (Selander and Kaufman, 1973) is not fully supported from data on Cervidae (Baccus et a!., 1983 ) and on mammals in general (Wooten and Smith, 1985) .
The actual population size of a species (Nevo et a!., 1984 ) is a highly significant predictor of genetic variation: H and P are smaller in small than in medium and large populations. A demographic explanation, together with the evaluation of the time since the last bottleneck (Soulé, 1977) has to be taken into account.
The recent demographic history of the Italian and European fallow deer populations is mainly related to their human domestication. After the last glaciation, fallow deer populations were confined to the Middle East by cold climate consequences. The Phoenicians who utilized fallows as cult/sacrifice animals, tamed and reintroduced the species in Europe starting from their Western Mediterranean colonies, as is well-documented by bone and skull remains (Haltenorth, 1959) . Such founder herds were probably very small because they had to be shipped from Lebanon to North- (2) After the decline, H mm starts to increase in parallel with population size, but a number of generations in the order of the reciprocal of the mutation rate (about 2 x 106, Nei, 1975) is required to restore the original level. If domestication started about 4000 BP, it is probable that the present fallow deer populations retain a level of H close to the miminum after the bottleneck. A strong decrease of H following the last Pleistocenic glaciation natural bottleneck has then to be taken into account: it is realistic to think that the parental H value was much lower than 0040. (3) After a bottleneck there is a loss of alleles, especially rare alleles, so the P value decreases. \Vhile the population size is small, mutational input is low so that the P and H values increase very slowly (Nei et a!., 1974) . Theoretical studies by Fuerst (1984, 1985) , describe the patterns of loss of alleles in small populations. After a bottleneck (natural as well as during the initial process of domestication) it is not probable that the loss of alleles follows an equilibrium rate (equilibrium presumes demographic stability, Fuerst and Maruyama, 1986 ). In such a situation the allele frequency distribution is not normal, but i-shaped, particularly in populations with average heterozygosity lower than 005. The relatively large group of low frequency alleles will be easily lost through genetic drift. The small group of high frequency alleles will be retained after a bottleneck, irrespective of sample size. Two consequences are expected. First, the loss of rate alleles does not lower the average heterozygosity values of the sampled groups; second, if several groups are sampled from the same population, it is likely they are genetically similar (i.e., monomorphic at the majority of loci where rare alleles are lost, and polymorphic at the few highly heterozygous ones (Huettel, et a!., 1980) . That model fits fairly well to the observed fallow deer genetic structure: no rare allele was found in three (Feldhamer et a!., 1982) , and Iceland Reindeer (Roed et a!., 1985) .
Although the prehistoric domestication processes are unknown, it is easy to suppose a very "flair' demographic and genetic management (Foose, 1983): (1) the founder domesticated population is to be supposed to have a small or very small effective size (Ne);
(2) strong family selection for tameness could have been followed, with repeated failures of herds to reproduce in captivity. Artificial selection for tameness and possibly for coat colour choice could have speeded up the inbreeding rate; (3) possible subdivision of herds (probably following maternal lineages: a female with her litters) without gene flow among herds; (4) demographic instability of the managed populations with average Ne over a number of generations consequently moving toward minimum values and the rate of loss of alleles due to drift close to maximum values. Effective population size (Ne) is almost always less than the actual number of breeding adults and demographic fluctuations from generation to generation can further lower its value. In fact, the average Ne over generations fluctuating in size is not the arithmetical, but the harmonic mean of the Ne of each generation (Frankel and Soulé, 1981) . This hinders the effect of the intrinsic growth rate and maximizes the loss of genetic variability by drift. Moreover it is possible the high extinction rates that European fallow deer populations underwent during glaciations have contributed to erode genetic variability from the surviving wild populations. As Geist (1987) states, the fallow deer is the last living species of the mid-and late-Pleistocene Megacerinae deer, a very speciose lineage with many short-lived species that arose and became extinct during half a million years. It is strongly supposed from data on Cervidae evolution (Randi, submitted) that natural populations belonging to recent and speciose lineages may retain very low levels of genetic variability. Several demographic crises, as warded by repeated dispersal-extinction cycles during Megacerinae lineage evolution, could have preceded and possibly driven fallow deer speciation, resulting in a surviving post-glacial wild population with very low genetic variability. Several founding events probably happened during the recent history of European fallow deer (small domesticated herds in the Middle East, small herds diffused in the Mediterranean region, small numbers of founders returned to the wild), leading to a low mean Ne value over a number of generations and to an extended erosion of variability by genetic drift. It is also possible that strong directional selection underwent during speciation (Geist, 1987) as well as selection against detrimental recessive alleles following the raising of inbreeding in the domestic or semi-wild populations.
The present fallow deer populations seem to be able to reach good demographic levels and wide expansions in several habitats. But the story of the species looks like the tale of Noah's Ark survivors and if the structural gene loci monomorphisms do reflect a general lack of genetic variability, then the future of the fallow deer, in an evolutionary time frame, could be at risk.
